This paper estimates the value of superstitions by studying the auctions of vehicle license plates. We show that the value of superstitions is economically significant, which justifies their persistence in human civilization. We also document the changes of the value of superstitions across different types of plates, across different policy regimes, and across different macroeconomic environments. Interestingly, some of the changes are rather consistent with economic intuition.
Introduction
''When you believe in things that you don't understand, Then you suffer, Superstition ain't the way." Stevie Wonder, Superstition (1972) By how much does one have to pay (or suffer, according to Stevie Wonder) for a superstition? Superstitions, rightly or wrongly, can change a variety of human behaviors. They can also change the allocation of economic resources. It is therefore both interesting and economically relevant to document the significance of superstitions.
Superstitions, beliefs not based on reason or knowledge, have existed as early as human history. 1 While some old ones have eventually vanished, new ones keep developing, while many others persist. Friday the 13th, black cats, and evil eye, among others, are factors that many consider in their everyday decisions. The habitual saying of ''God bless you" after someone sneezes, rather than showing politeness, came from a superstition. This paper builds on their work by using the same series of data in a more extended period of time and similar control variables in the estimation. The questions we address differentiate from those in the three papers. Instead of documenting the underlying pricing mechanism of license plates, we take the price of a plate as an equilibrium outcome that reflects its social value. We are interested in determining how significant the value of superstitions is. In addition, beyond looking at the value of superstitions from a static point of view, we look at it from a dynamic perspective. In particular, we ask whether the value would change across the different types of plates, different policy regimes, and different macroeconomic environments.
Two key features in our empirical analysis enable us to address these new and interesting questions. First, our data cover two distinct periods: before and after a major policy change in 2006, which is the introduction of an entirely different type of license plates. It provides us a unique opportunity to study the change in the value of superstitions in response to the policy change. We also link the data to the stock market index and examine whether the value of superstitions varies with the macroeconomic environment. Second, we estimate plates of different types separately, rather than jointly as in Woo and Kwok (1994) , and Woo et al. (2008) . In addition to being a strategy to disentangle the effect of superstitions from the effect of conspicuous consumption, a point discussed in Section 3.1, our estimation strategy allows us to ask how the value of superstitions changes across different types of plates, a question addressed in Section 4.2.1. It is important to note that although we use a different estimation strategy, our estimated coefficients are consistent with those in Woo and Kwok (1994) , and Woo et al. (2008) , suggesting that their qualitative results are robust. 3 Along the same line, Foster and Kokko (2008) presented a simple model in which the false causalities people develop survive over natural selection, therefore becoming superstitions. 4 For instance, Mr. Dilip Rangnekar and Miss Elizabeth Young from the Communications Department of Otis Elevator Company, the world's largest elevator manufacturer, confirmed to us on November 20, 2008 that roughly 80% of their elevators around the world do not have the 13th-floor button. Many accessories containing an evil eye are sold in Europe. Kramer and Block (2008) give more examples on superstition and marketing practices. 5 Woo and Kwok (1994) use the data of 1,520 license plates from 1989 to 1991, Chong and Du (2008) To the best of our knowledge, this paper is the first in economics to study how the value of superstitions responds to policy changes, and how the changes per se square with economic intuition. It is also the first one to document that the value of superstitions may vary across different macroeconomic environments.
Data and variables
This study takes advantage of one of the few datasets that makes it possible to link superstitions with social value: the auction data of vehicle license plates in Hong Kong. Over 95% of the Hong Kong population is of Chinese descent, and most understand Cantonese. As the largest ethnic group in the world, the Chinese would have to be quite superstitious to justify the following observations: the $888 round-trip deal from New York to Beijing by Continental Airlines in 2005, the Beijing Olympics opening ceremony at 2008/08/08 at 8 p.m., the missing 4th, 14th, and 24th floors in many apartments in Hong Kong, and the peak of cardiac mortality of Chinese Americans and Japanese Americans (for whom ''4" is unlucky) on the 4th of the month, a striking pattern absent in White Americans. 
Institutional background
The Hong Kong government started auctioning license plates in 1973. 7 The government is the only institution that sells
plates through an open auction. Table 1 summarizes the main features of the different types of plates available for auctions.
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Only traditional plates were available before September 2006. They consist of either no letter prefix or two-letter prefix, followed by a number between 1 and 9999 (e.g., AB 1234, LB 453, and 18). 9 The law further groups traditional plates into two mutually-exclusive types: ordinary and special. 10 We now briefly explain their key distinctions, namely, assignment and transferability. The government automatically assigns to Mary, for example, an ordinary plate upon registration of her vehicle (usually by sequence). If Mary does not like the plate, she can return it to the government and bid a plate she likes in an auction. Mary can go to an auction, but there is no guarantee that she would find one there that she likes. Alternatively, she can reserve one unassigned plate (including ordinary and special) in advance and go to the particular auction to bid on the plate she has reserved. Of course, there is still no guarantee that she will win that plate. Mary can also buy a plate from someone else.
The government does not assign special plates, which have generally more appealing numbers. If Mary wants a special plate from the government, she can only get it through the auction.
Owners can legally transfer their ordinary plates. If Mary likes Peter's ordinary plate, they can trade with each other. In contrast, if Mary likes John's special plate, even if John would like to sell it to her, they cannot legally make a deal. Phillips et al. (2001) examine mortality data in the US and find such a striking pattern. 7 In 1973, the legislation whereby vehicle plates could be sold by auction was introduced. The proceeds of the auctions go to a charity fund called Lotteries
Fund. 8 Specifically, it is the right to put a specific number on a license plate that is sold, not the plate per se. The buyer can put the specific number on any plates he likes. 9 The earliest plates contain numbers only. When the number of vehicles had used up all the plates containing numbers only, the government added Roman alphabet such as ''HK" and ''XX" as prefixes. After ''HK" and ''XX" were exhausted, license plates starting with ''AA", ''AB", ''AC", and so on were used. 10 As stated in Schedule 5 of the Road Traffic (Registration and Licensing of Vehicles) regulations (Cap. 374 sub.leg. E), a plate is special if it satisfies one or more of the following criteria: (1) no letter prefix, (2) number below 100, (3) number in hundreds or thousands, (4) symmetric mark, (5) sequential mark, (6) two pairs, (7) alternate pairs, (8) mark with identical numbers.
This non-transferability restriction is intended to curb speculation. However, some ''clever" practices can get around this restriction.
11 This can have implications on our estimation strategy as we will argue in Section 3.2.
In March 2004, the Hong Kong government first proposed to introduce personalized plates. The motivation was the fiscal budget deficit, a result of SARS in 2003 and the economic downturn from 2002 to 2004. 12 As the sales of traditional plates went to a charity fund instead, the government proposed selling personalized plates to raise government revenue. 13 Subject to certain restrictions, personalized plates allow vehicle owners to personalize their plate numbers up to eight digits (e.g., 1 LOVE U, WWW, RELAX, etc.). The first auction of personalized plates was held in September 2006.
The auction
The Hong Kong government sells plates by English oral ascending auctions. Ordinary plates have a reserve price of HKD$1000 (HKD$7.8=USD$1). Reserve prices vary for special plates and are set by the government. The auctioneer can raise the minimum bid increment during the auction. Auctions are usually held during weekends and Chinese Lunar New Year holidays. There is no fixed schedule, and therefore the number of auctions in a given month can vary. On average each auction sells more than a hundred different plates sequentially.
Auction theory suggests that in an English oral ascending auction, if there is no binding minimum bid increment and binding reserve price, and the valuations of bidders are independent, then in equilibrium the winner pays an amount equal to the valuation of the second highest bidder. The winning bid is thus the social opportunity cost. Controlling for other factors, if superstitions determine the prices, the auction data would allow us to link superstitions with social value.
Ideally, if plates are all non-transferable, as is supposedly the case for special plates, then the assumption of independent bidders' valuations seems plausible. As mentioned, however, there are ways to transfer special plates that are supposedly non-transferable ''cleverly". Ordinary plates are not subject to any transferability restriction. There are companies bidding plates in auctions, aiming at trading them for profit.
14 Their valuations of a plate, therefore, depend on their estimates of its future price. These bidders' valuations have a common value component. This leads to the possibility of the winner's curse: the winning bidder is the most optimistic one who over-estimates the future price. 15 The common value component makes it non-trivial to map winning bids to social cost. These concerns can constrain our empirical strategies. Table 2 gives the breakdown of the number of observations by year.
We observe the plate number, auction date, whether or not the plate was successfully sold in the auction, and if so, the winning bids. We do not, however, observe the reserve prices of the special plates (which are made known at the auction house right before the auction begins), the number of bids, the bidders' identities, the bid increments, and the sequence of the auction. 16 In addition, we do not observe whether the plates sold in the auctions are for personal use or for trade. Table 3 presents the real prices of plates by types and by year. We denominate the nominal prices by the consumer price index (CPI) of the auction month to adjust for inflation.
Empirical analysis
A license plate serves no other purpose, literally, other than to legalize a car to use the road. The plate number does not change this legal function. Huge variations in the winning bids of plates, therefore, must have reflected some preferences on the plate numbers per se. We hypothesize that superstitions play a role in explaining price variation, that is, having controlled for other factors, superstitions do explain the price variation.
The particular type of superstitions that we would like to focus on is the belief that a number that rhymes similarly to something good (bad) would bring good (bad) luck to the owner. It is a false belief because the likelihood of one getting involved in a car accident depends on her driving habit but not on her plate number. Such superstitions can change the allocation of economic resources. For instance, those with ''unlucky" plates drive their cars unnecessarily slower is an economic cost. If such superstitions carry significant economic value, their prices must reflect that.
Different numbers rhyme differently in Cantonese, but there is a universal consensus in Hong Kong that ''8" is good and ''4" is bad. The number ''8" rhymes similarly to the word ''prosper" or ''prosperity". Thus, the superstition is that the number ''8" brings prosperity. The number ''4" rhymes similarly to the word ''die" or ''death". Thus, the superstition is that the number ''4" increases the odds of dying. Given that these superstitions have persisted for a long time, they must carry a significant economic value. Consistent with this logic, the number ''8" would carry a significant premium on a license plate, while the number ''4" would carry a significant discount. As such, we aim at empirically estimating the premium and the discount.
Identification strategy
The estimation involves two inherent difficulties. First, license plates are publicly visible; they are conspicuous goods (also known as Veblen good). People buy an expensive conspicuous good to signal high income and achieve greater social status. The plates that most believe are expensive would serve such a purpose. 17 They are sold at a higher price because everyone expects so, and this is a self-fulfilling equilibrium. This effect, however, has nothing to do with superstitions. Second, plates with different numbers are visually differentiated. Some number patterns are generally regarded as visually more appealing than others. Differences in visual appeal, therefore, have to be controlled for.
To disentangle the conspicuous effect from the effect of superstitions, we use two strategies. First, we perform estimation on plates with different numbers of digits separately. The idea is to exploit the fact that most expect plates with fewer digits to command higher prices. Table 3 reflects this expectation. However, not many can tell the price difference among plates with the same number of digits. For instance, most expect ''LB 36" to be more expensive than ''LB 4566" and ''DR 388" to be more expensive than ''DR 4598". Not many can tell whether ''LB 4566" or ''LB 3587" is more expensive. Second, in each estimation, we control for plate numbers that most people would expect to be expensive, in particular, those with no prefix, prefix of ''HK", and ''XX". 18 Most cannot tell the price difference between ''DR 3982" and ''AG 1793", but they expect ''HK 3982" and ''XX 1793" to be more expensive than ''DR 3982" and ''AG 1793", respectively. To disentangle differences in visual appeal from the effect of superstitions, we control for a variety of different combination patterns. Table 4 summarizes the variables we control for. In particular, we assume that people do not systematically prefer any particular letter or number in terms of their visual appeal. For example, people would not value ''AB" systematically higher than ''JB", or ''KK" higher than ''JJ". However, people may value ''KK" systematically higher than ''JB", as the same-letter prefix is visually more appealing. In addition, people would not systematically value ''132" higher than ''379", but they would value ''1234" higher than ''4591" because of the sequential numbers. 
Empirical specification
While the structural estimation of auctions is the usual strategy for empirical auction studies, in addition to data limitation, the presence of (i) common value component, (ii) potentially binding reserve price, (iii) potentially binding minimum bid increment, and (iv) sequential auctions of many plates substantially complicate the use of a structural estimation approach. The theory has yet to draw a mapping between winning bids and the bidders' valuations under all these constraints. We therefore abstract away from the use of structural estimations and instead, use the hedonic pricing estimation.
The hedonic pricing method studies how the price of a commodity relates to its attributes. Court (1939) first introduces the methodology, and Lancaster (1966) and Rosen (1974) further develop it. Woo & Kwok (1994) , Chong & Du (2008) , and Woo et al. (2008) employ hedonic estimations as well. McDonald & Slawson (2002) use hedonic estimations to study the effect of a seller's reputation in internet auction. As noted in Bajari & Hortacsu (2004) , however, using hedonic estimations requires somewhat stringent assumptions to interpret the ''implicit prices" as buyer valuations. 19 Interpreting the results of hedonic estimations calls for caution. The regression model takes the following form, estimated by plate types:
lnðReal priceÞ ¼ a þ bðletter prefix characteristicsÞ þ cðnumber patternsÞ þ dðnumber counts of ''0'' to ''9''Þ þ kðyear-month dummiesÞ þ error: ð1Þ
The notations b, c, d, and k are vectors. The year-month dummies capture the macro-economic environment that systematically affects the winning bids within the month.
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Although we do not observe the number and identities of the bidders, we believe that their composition in any particular auction would influence the winning bids in that auction in certain ways. To take this into account, the model assumes that the error terms within an auction date are correlated in some unknown way, but that plates auctioned on different dates do not have correlated errors. We therefore calculate the standard errors clustered by auction date. In addition, to account for heteroscedasticity, White-corrected standard errors are calculated.
Our estimation differs from those in Woo & Kwok (1994) , and Woo et al. (2008) . In particular, the two papers estimate the plates with different digits jointly. In addition to disentangling the effects of conspicuous consumption from the effects of superstitions, estimating separately has three other advantages. First, it avoids ambiguous interpretation of some estimated coefficients. 21 Second, estimating separately allows the discount of a ''4" and the premium of an ''8" to vary across plates with different digit. 22 As we will see in Section 4.2.1, the effect is not constant in general. Third, building on the two papers and yielding consistent results under different estimation specifications in our paper help strengthen the results in the two papers. Table 5 shows the main results of the regressions of different types of plates. In particular, we found that number ''8" is associated with plates with significantly higher winning bids, while number ''4" is associated with plates with significantly lower winning bids. Controlling for other factors, an ordinary 4-digit plate with one extra ''8" was sold 63.5% higher on average, while an ordinary 4-digit plate with one extra ''4" was sold 11% lower on average (both relative to the number ''7"). The corresponding estimates for ordinary 3-digit plates are 94.8% and 27.3%, respectively.
Empirical results

Superstitions carry a significant economic value
These figures mean on average that for an ordinary 4-digit plate, replacing the number ''7" with the number ''8" would allow the plate to be sold at roughly USD$400 higher. 23 On the other hand, replacing the number ''7" by the number ''4" would allow the plate to be discounted for USD$69. If we do the same replacements in ordinary 3-digit plate, an ''8" adds USD$1249 to the price, while a ''4" reduces the price tag by USD$360. These numbers are significant even in real economic terms. 19 On page 474 of the article, the conditions are as follows: (i) no common value component, (ii) no asymmetric information among bidders about the marginal values of the observed product characteristics, (iii) no minimum bids or reserve prices, (iv) all bidders are ex ante symmetric, (v) all product characteristics are observable, and (vi) entry is exogenous and a dummy variable for the number of bidders is included in the regression. 20 In another specification (which are available upon request), we use year dummies only, but we include the month-end stock market index (i.e., the Hang Seng index) to proxy for the macro-economic variations. The results are very similar. 21 Estimating separately avoids the inherent difficulty of interpreting the estimated coefficients of the dummies that is possible in some but not all types of plates. For instance, in a joint estimation of plates of all digits, the interpretation of the estimated coefficient of the dummy for aabb (two pairs in parallel) is ambiguous. The dummy is equal to 1 if a 4-digit plate has this aabb pattern (e.g., JK 3344). However, it is equal to 0 if either a 4-digit plate does not have this pattern or it is impossible to have this pattern as the plate not 4-digit. Suppose the estimated coefficient is, say, 40%, then it is difficult to interpret it as a 40% increase in the selling price with this pattern, or the possibility of having this pattern, together with the fact that the plate does have this pattern, commands a 40% premium. 22 To be precise, Woo & Kwok (1994) , and Woo et al. (2008) alleviate this concern by using the share of a number in the plate instead of the count of the number in their specification, which instead impose a much milder restriction: that the effect of an increase in the share of a number on the price is constant across plates with different digits. 23 The amount of United States dollars are at 2005 price. We obtain similar results on special plates of all digits. In short, consistent with our hypothesis, an ''8" does carry a significant premium, while a ''4" does carry a significant discount. Our results on the numbers and the patterns are also consistent with those in Woo & Kwok (1994) , and Woo et al. (2008) , suggesting that their qualitative results continue to be robust under alternative econometric specifications and with data from a more extended period of time.
The economics of superstitions
Our results also allow us to address one interesting question: to what extent would the value of superstitions, based on beliefs that are inherently irrational, be explained by economic intuition? We present three pieces of evidence in the next three sections that suggest that the responses of the value of superstitions to changes square with economic intuition well. Section 4.2.4 looks at how the value of superstitions vary with the macroeconomic environment.
4.2.1. Would the premiums and discounts vary across types of plates?
We first look into the change in the premium and the discount of an ''8" and a ''4", respectively, across different types of plates. An analogy can explain the relevant economic intuition. Suppose that rather than leaving next year's health to randomness, one can buy a healthy year from God. How much in terms of her share of wealth would she be willing to pay for? The sooner she expects to die, the larger the share she is willing to give up. A year of good health weighs more in a shorter life. Analogously, one's willingness to pay to acquire an ''8" (or to get rid of a ''4") would increase across plates with fewer digits on average. The increase is due to the bigger share of a number in plates with fewer digits.
The results in Table 5 allow us to examine whether the estimates are consistent with this logic. The discounts on a ''4" are all statistically significant across all types of plates. More interestingly, the size increases as we move from ordinary 4-digit plates to ordinary 3-digit plates, with the increase from 11% to 27.3%. Estimates of special plates exhibit a similar pattern: a larger discount when moving from 4-digit, to 3-digit, to 2-digit, and to 1-digit, with figures of 15.6%, 20.9%, 34.5%, and 83.2% respectively. We find the exact same pattern on the premium on an ''8". An unlucky ''4" is bad, but it is the worst if it is on a 1-digit plate than on a 2-digit plate. On the other hand, a lucky ''8" is good, but it is the best if it is on a 1-digit plate. Such a pattern is not generally true for other numbers. 
Would the value respond to policy change?
We also use the introduction of personalized plates as a natural experiment. After the introduction of personalized plates in 2006, we ask whether the sizes of the premium on an ''8" and the discount on a ''4" change, and if so, in which direction.
Although based on irrational beliefs, any particular superstition must have a demand function. Economic intuition suggests that a demand would change under exogenous change: the demand for a superstition would shift down as substitutes are introduced. Expressing oneself by means of a personalized plate rather than having a ''lucky" plate did not become an option until 2006.
Formally, in the regressions, we hypothesize that the coefficients of ''8" and ''4" differ before and after 2006. Precisely when the effect of personalized plates started is hard to say. We believe it is more reasonable to think that it started at the beginning of 2006 when the bill was finally passed and people started reserving for their personalized plates for auctions rather than when the first auction for personalized plates was held. Table 6 shows the results. The sizes of the premium on an ''8" and the discount on a ''4" universally reduced after 2006 for all the 4-digit (including ordinary and special) and 3-digit ordinary plates. The results of the Wald tests on these three types of plates indicate that the estimated coefficients of a ''4" and an ''8" differ significantly before and after 2006, suggesting that the introduction of personalized plates may have changed the value people place on superstitions. For instance, for an ordinary 4-digit plate on average, an ''8" carries a 64. The significance of the differences of the estimated coefficients is marginal for 1-, 2-, and 3-digit special plates. Except for these three types of plates that comprise a little less than 10% of the data, we do see a universal pattern of the changes in the premium and discount before and after 2006.
Would the response be stronger among a closer pair of substitutes?
Which types of plates should the value of superstitions be most responsive to the introduction of personalized plates? Consumer theory suggests that the degree of substitutability is larger in a pair of substitutes that sells at similar price ranges than in a pair that sells at very different price ranges. For instance, introducing a new Cadillac model should affect the demand for Mercedez E-class more than that for Honda Civic.
Although we do not have data on the price of personalized plates, we can infer its price range as the government set their reserve price uniformly at $5000. This is the minimum that anyone who bids for any personalized plate would have to pay. The average price therefore should be at least higher than $5000 (denominated by CPI, the amount is roughly 24 Note that our estimated coefficients imply that the effect of an increase in the share of a number on the price is not constant across plates of different digits.
For instance, if the effect were the same, the estimated coefficient of num4 in column 2 would have been À11% (33/25) = 14.52% instead of 27.3% as in our estimation. Table 3 shows that the average real price for ordinary 3-digit plates was around $9562 before 2006 and that for ordinary 4-digit plates was roughly $4532. It is therefore reasonable to expect that the personalized plates should be more appealing to people who would be more inclined to buy ordinary 3-digit plates rather than ordinary 4-digit plates. The degree of substitutability between ordinary 3-digit plates and personalized plates should be higher. We therefore expect that the impact of the introduction of personalized plates on the value of superstitions is larger on ordinary 3-digit plates than on 4-digit ordinary plates. Table 6 reports the consistent results. The change we look into is the premium on replacing a ''4" with an ''8" in ordinary plates. On average, such a number replacement adds 134.8% to the price of ordinary 3-digit plates before 2006 but only 97.4% after 2006. The percentage drop was 27.75%. Corresponding figures are 77.8% for the price of ordinary 4-digit plates before 2006 and 61.4% after 2006. The percentage drop was 22.88%. Ordinary 3-digit plates priced at a price range similar to that of personalized plates respond to the introduction of personalized plates in a bigger magnitude compared with ordinary 4-digit plates.
Would the value vary with the macro-environment?
The section addresses the dynamics of the value of superstitions. We ask whether people value superstitions differently over time and across different macroeconomic environments. To address this question, we run the following regression on different types of plates.
lnðReal priceÞ ¼ a þ bðletter prefix characteristicsÞ þ cðnumber patternsÞ þ dðnumber counts of ''0'' to ''9''Þ þ hððnumber counts of ''0'' to ''9''Þðmarket conditionÞÞ þ kðyear-month dummiesÞ þ error:
The notations b, c, h, d, and k are vectors. We use the natural log of the Hong Kong Hang Seng Index at the end of the month the plate was auctioned to proxy for the macroeconomic environment. The premium for each number ''j" now is
This specification allows the premium or discount of superstitions to vary across different macroeconomic environments. If we expect people to be more superstitious in bad times, they would discount a ''4" even more in bad times. As well, they would place a higher premium on an ''8" in bad times. In terms of the estimated coefficients, h 4 should be significantly positive, and h 8 should be significantly negative.
Columns 1 to 4 of Table 7 show the results for both special and ordinary 4-digit and 3-digit plates, which comprise 90.3% of our total observations. The results suggest that the size of the discount on a ''4" is negatively associated with the market index. People tend to discount a ''4" even more in bad times. For instance, the discount on a ''4" in 4-digit ordinary plates is on average equal to À201.1% + 19.9% ln(stock market index). A 1% drop in the stock index adds an extra 19.9% in the size of the discount. A ''4" is bad, but it is even worse in bad times.
The results suggest that an ''8" is associated with a significant premium. For ordinary and special 4-digit plates, the premium does not change under different market conditions. For ordinary and special 3-digit plates, however, the premium tends to be even larger during bad times. For instance, the premium on a ''8" in a 3-digit ordinary plate is on average equal to +200.8% to 11.1% ln(stock market index). A one percent drop in the stock market index adds an extra 11.1% in the size of the premium.
It is interesting to note that the premium on an ''8" tends to be more stable than the discount on a ''4". For 4-digit ordinary plates, the premium on an ''8" does not vary with the market condition, while the discount on a ''4" does. For ordinary and special 3-digit plates, the discount on a ''4" varies with the market condition in a greater proportion compared with that in the premium on an ''8". This is an interesting empirical pattern that the literature on superstitions has not documented. We are not able to come up with a good explanation for the asymmetric effects.
We do not, however, find a similar pattern in 2-digit and 1-digit plates, which comprise a little less than 10% of our data. One may argue that the significance of our results may well be attributed to the number preferences per se rather than to superstitions, that is, people in Hong Kong simply systematically prefer ''8" and dislike ''4". Such preferences have nothing to do with superstitions. To address this issue, we control for the number preferences by controlling for the numbers that appear on a plate. We estimate the following equation on 3-digit ordinary plates: lnðReal priceÞ ¼ a þ bðletter prefix characteristicsÞ þ dðordered combinationsÞ þ kðyear-month dummiesÞ þ error: The bottom panel of Table 4 gives the definition of the variables we use. The idea is to exploit the fact that even for the same set of numbers, what they rhyme similarly to depends on how they are ordered. Numbers ordered in such a way that rhymes similarly to some good(bad) phrases would carry a significant premium(discount), which has nothing to do with number preferences anymore. We estimate this equation on 3-digit ordinary plates separately for four sets of number combinations, (1) ''1", ''6", and ''8", (2) ''1", ''3", and ''8", (3) ''1", ''4", and ''8", and (4) ''2", ''3", and ''8".
The most preferred plate number is ''168", which rhymes similarly to ''proper all the way". 26 Controlling for the numbers, if superstitions have value, then ''168" would be associated with higher winning bids. Column 1 of Table 8 shows consistent results. A ''168" plate is significantly more expensive than an ''861" plate. On average, it was sold for close to three times more expensive than that of a ''861" plate because ''861" is not associated with any phrase that makes sense in Cantonese.
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The numbers ''138", ''813", ''148" and ''814" rhyme similarly to ''I will be wealthy my entire life." Columns 2 and 3 of Table  8 show that they are all associated with plates with higher winning bids.
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The numbers ''238" and ''328" rhyme similarly to ''this life is prosperous" and ''business is profitable", respectively. Column 4 of Table 8 shows that these numbers are again associated with plates with higher winning bids.
The results suggest that number preferences alone cannot explain the price variations. It is what a plate number rhymes similarly to that determines its price. Thus, plate numbers that allude to good phrases are associated with higher winning bids.
Do the results hold in the secondary market?
To check whether our results also hold in the secondary market, we collect listed prices for license plates from a secondary market seller. A caveat is that we only collect listed prices and not the actual transacted prices. 29 We managed to collect up to eight days of listed prices of car plates spanning from June 2002 to August 2009.
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Altogether we have 16,001 plates with their listed prices across the eight days, 8195 (51%) of them are 4-digit ordinary plates and 7806 (49%) are ordinary 3-digit plates. 31 We estimate the same specifications as we have done in the previous sections. Table 9 gives the estimation results. Columns 1 and 2 of Table 9 illustrate that the results in Table 5 are robust. First, we continue to find that ''lucky" number ''8" carries a significant premium, while ''unlucky" number ''4" carries a significant discount. Controlling for other factors, an ordinary 4-digit plate with one extra ''8" was listed at 40.1% higher on average, while an extra ''4" was listed at 17.8% lower. The corresponding estimates for an ordinary 3-digit plate are 74.7% and 18.5%, respectively. Second, consistent with the results in Section 4.2.1, an ''8" commands a higher premium on a 3-digit plate than on a 4-digit plate. Similarly, a ''4" is discounted more in a 3-digit plate than in a 4-digit plate.
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Columns 3-6 of Table 9 check whether the results in Section 4.2.2 are robust. The estimates suggest that after the introduction of personalized plate in 2006, the discount of a ''4" in both ordinary 3-digit and 4-digit plates drop. The premium on 26 The number ''16" rhymes similarly to ''all the way" (as an adverb); thus, ''168" rhymes similarly to ''prosper all the way". 27 Both ''861" and ''681" are not associated with any phrase that makes sense in Cantonese. However, ''186", ''618", and ''816" are all variations, in terms of what they mean, of ''road to prosperity". 28 Again, ''283", ''382", ''823", and ''832" do not rhyme similarly to any phrase that makes sense in Cantonese. 29 We rely on the seller's website as well as The Internet Archive (web.archive.org) to collect the data. We have contacted the seller to obtain more historical data and the transacted prices, but the seller refused to provide us with their transacted prices. 30 The eight days are June 2, 2002 , December 9, 2002 , August 5, 2003 , October 16, 2003 , February 20, 2004 , April 19, 2004 , August 5, 2004 , and August 25, 2009 Of the 16,290 listed prices we collected, surprisingly, 1.8% (or 289) of them are special plates. We deleted these plates because, as mentioned, it is by law not legal to transfer special plates. We therefore suspect that the prices involve not only the values of plates but also the service fees to help ''get around" with the non-transferable rule. 32 In another specification, we successfully match 1,299 ordinary 4-digit plates and 1892 ordinary 3-digit plates with the auction data (i.e., 20% of the data).
We run the same specification as in Columns 1 and 2 of Table 9 , with the auction price as an extra control variable. Table 10 shows the estimation results. They suggest that controlling for all the variables, the past auction price of a plate continues to be a significant price determinant (statistically significant at the 1% level.) A higher auction price, everything else being equal, leads to a higher listed price in the second-hand market. However, there is still a significant premium on an ''8". For a ''4", the discount is statistically significant for ordinary 3-digit plates but not for 4-digit plates.
an ''8" in ordinary 3-digit plates drops too. However, the premium on an ''8" in ordinary 4-digit plates is roughly the same across the two periods. Except for the premium on an ''8" in 4-digit plates, the results are consistent with those in Table 7 . Section 4.2.3 argues that the introduction of personalized plate affects the premiums and discounts on numbers in ordinary 3-digit plates more than those in ordinary 4-digit plates, as personalized plates are more of the closer substitutes to ordinary 3-digit plates than to ordinary 4-digit ones. We continue to observe this in Table 9 . The change we look into is the premium on replacing a ''4" with an ''8" on a plate. On average, such number replacement adds 107.7% to the price of ordinary 3-digit plates before 2006 but only 52.6% after 2006, which is a percentage drop of 51.16%. The corresponding figures are 59.9% to the price of ordinary 4-digit plates before 2006 and 43.7% after 2006. The percentage drop was 27.05%. Ordinary 3-digit plates respond to the introduction of personalized plates in a bigger magnitude compared with ordinary 4-digit plates.
Columns 7 and 8 re-estimate specification (2). For ordinary 3-digit plates, we continue to find that the people discount ''4" even more in bad times and value ''8" more in bad times. This is consistent with results in Section 4.2.4. We have the right sign of the estimated coefficients for ordinary 4-digit plates, but they are statistically insignificant.
Overall, we find that the listed prices of secondary market plate sellers exhibit very similar statistical patterns compared with the auction data, which lends further support to our main results.
Conclusion
This paper estimates the value of a particular type of superstitions: a ''lucky"(''unlucky") number can bring good(bad) luck. We have shown that the value of superstitions can be economically significant. We believe that the results are consistent with the fact that superstitions persist over time.
Although we may not be the first to document the value of superstitions, we are the first in the economics literature to address the question of how such value changes over time, and in response to other policy changes. Interestingly, we find that the value of superstitions changes in ways that are consistent with economic intuition. The dataset we obtain and the exogenous policy change provide us a unique opportunity to address this issue.
We have also shown that some results are consistent with the view that people tend to be more superstitious in bad times. Our results suggest that people tend to discount a bad number even more in bad times. However, people place a higher premium on a good number in bad times only for a small subset of plates. We conjecture that the value people attach to superstitions change across different macroeconomic environments, but the changes are asymmetric in positive and negative superstitions. By positive superstitions, we mean the false belief that some logically unrelated items or actions bring good luck. Negative superstitions are the opposite case. We are not aware of any theory that distinguishes positive superstitions from negative superstitions.
To conclude, while our empirical analysis documents the value of superstitions and how it changes over time and in response to exogenous changes, it also calls for explicit modeling of different types of superstitions in order to understand the empirical findings. We hope that our study would motivate theoretical research on this particular issue.
